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Abstract 



PURPOSE:To provide a compound bearing construction by which high speed rotation can be 
borne. 

CONSTITUTION:This compound bearing construction is provided with a first bearing means, a 
second bearing means, and a third bearing means. Impulsive force in the radial direction 
applied on a rotor at rotation is supported by the first means, and the means is constituted of 
an inner ring 1 and an outer ring 2 made of silicon nitride series ceramic sintered body. Load 
applied on the rotor in the axial direction is supported by the second bearing means while 
keeping a prescribed clearance against the rotor, and it is constituted of a magnetic bearing 
body consisting of two permanent magnets 1 2, 1 3 mutually opposed in the thrust direction. 
Rotation accuracy of the rotor in the radial direction is maintained by the third bearing means, 
and it is constituted of radial dynamic pressure generating grooves 5 formed on the cylindrical 
face of the inner ring 1 . 
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Epitome 



(57) [Abstract] 

[Objects of the Invention] The compound bearing structure of being able to be equal 
to high-speed rotation is offered. 

[Elements of the Invention] Compound bearing structure is equipped with the 1st 
bearing means, the 2nd bearing means, and the 3rd bearing means. The 1st bearing 
means supports during rotation impulse force of a radial direction which joins body 
of revolution, and consists of inner rings of spiral wound gasket 1 and outer rings of 
spiral wound gasket 2 which consist of a silicon nitride system ceramic sintered 
compact. The 2nd bearing means supports a load load of the direction of an axis 
which joins body of revolution, where body of revolution and a predetermined gap are 
maintained, and it consists of magnetic shaft acceptors of two permanent magnets 
12 and 13 which counter in the thrust direction. The 3rd bearing means maintains 
rotation precision of a radial direction of body of revolution, and consists of radial 
dynamic pressure generating slots 5 formed in a cylinder side of an inner ring of 
spiral wound gasket 1. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Compound [ having had the bearing means of ** two / supporting the 
bearing means of ** one / including a ceramic / supporting the impulse force of a 
radial direction / being compound / supporting predetermined body of revolution / 
having a load and rotating by being high-speed / bearing structure, and joining said 
body of revolution under rotation / sintered compact /, and the load load of the 
direction of an axis / joining said body of revolution /, where it maintained said body 
of revolution and a predetermined gap /, and the bearing means of ** three / 
maintaining the rotation precision of the radial direction of said body of revolution ] 
bearing structure 

[Claim 2] Said ceramic sintered compact is the compound bearing structure 
containing a silicon nitride system ceramic sintered compact according to claim 1. 
[Claim 3] For said silicon nitride system ceramic sintered compact, content of the 
pore is the compound bearing structure according to claim 2 where a rate of volume 
of the grain boundary phase is below 15 volume %, and an overall diameter contains a 
sintered compact of a silicon nitride system it is [ system ] 3% or less including pore 
20 micrometers or less, including a crystal grain child whose linear density per length 
of 30 micrometers is 35 or more pieces. 

[Claim 4] Said 2nd bearing means is compound bearing structure including a dynamic 
pressure gas bearing means to support said load load by gas pressure generated by 
rotation of said body of revolution according to claim 1. 
[Claim 5] Said dynamic pressure gas bearing means is the compound bearing 
structure containing a rotation member rotated with said body of revolution, and a 
holddown member which maintains said gap in the direction of an axis, and counters 
the rotation member according to claim 4. 

[Claim 6] Said rotation member and said holddown member are the compound 
bearing structure according to claim 5 where a slot which introduces a gas into said 
gap is formed in either said rotation member and said holddown member so that said 
gas pressure may occur, including a ceramic sintered compact. 
[Claim 7] Said 2nd bearing means is compound bearing structure including a 
magnetic bearing means to support said load load using a magnetic suction force or 
magnetic repulsive force according to claim 1 . 



[Claim 8] Said magnetic bearing means is the compound bearing structure containing 
a rotation member rotated with said body of revolution, and a holddown member 
which maintains said gap in the direction of an axis, and counters the rotation 
member according to 9laim 7. 

[Claim 9] Said rotation member and said holddown member are the compound 
bearing structure containing a magnet which makes said gap generate a magnetic 
suction force or magnetic repulsive force according to claim 8. 
[Claim 10] Said 3rd bearing means is the compound bearing structure containing a 
ceramic sintered compact which maintains said rotation precision where said body of 
revolution and a predetermined gap are maintained according to claim 1 . 
[Claim 11] Said 3rd bearing means is compound bearing structure including a 
dynamic pressure gas bearing means to maintain said rotation precision by gas 
pressure generated by rotation of said body of revolution according to claim 1. 
[Claim 12] Said dynamic pressure gas bearing means is the compound bearing 
structure containing a rotation member rotated with said body of revolution, and a 
holddown member which maintains said gap at a radial direction and counters the 
rotation member according to claim 1 1 . 

[Claim 13] Said rotation member and said holddown member are the compound 
bearing structure according to claim 12 where a slot which introduces a gas into 
said gap is formed in either said rotation member and said holddown member so that 
said gas pressure may occur, including a ceramic sintered compact. 
[Claim 14] Said 3rd bearing means is compound bearing structure including a 
magnetic bearing means to maintain said rotation precision using a magnetic suction 
force or magnetic repulsive force where said body of revolution and a predetermined 
gap are maintained according to claim 1 . 

[Claim 15] Said magnetic bearing means is the compound bearing structure 
containing a rotation member rotated with said body of revolution, and a holddown 
member which maintains said gap at a radial direction and counters the rotation 
member according to claim 14. 

[Claim 16] Said rotation member and said holddown member are the compound 

bearing structure containing a magnet which makes said gap generate a magnetic 

suction force or magnetic repulsive force according to claim 15. 

[Claim 17] It is the compound bearing structure according to claim 16 where said 

rotation member and said holddown member consist of said ceramic sintered 

compact, and said magnet is embedded to the interior of said ceramic sintered 

compact. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Generally this invention has a predetermined load more 
specifically about bearing structure, and relates to the compound bearing structure 
which supports the body of revolution rotated at high speed. 
[0002] 

[Description of the Prior Art] What can be equal to high-speed rotation is required 
of the member which generally constitutes the rotation mechanical component 
prepared in a laser beam printer, facsimile, a bar code reader, etc. For example, the 
rotational speed more than 20000r.p.m. has come to be required of the slewing gear 
of the polygon mirror (polygon mirror) in a laser beam printer with improvement in 
the speed of printing speed. Conventionally, the ball bearing has been used for 
bearing at the sliding section in this slewing gear. However, it was the rotational 
speed of the maximum which a 16000r.p.m. degree can bear according to problems, 
such as printing and wear, in the limitation which uses the conventional ball bearing. 
[0003] in order to rotate the polygon mirror in a laser beam printer at high speed 
further — SiC and Si3 N4 etc. — using for the rotation sliding section the 
pneumatic bearing (dynamic pressure gas bearing) which consists of ceramics is 
proposed in JP.2-173610.A. In the slewing gear using this pneumatic bearing, 
rotation of body of revolution introduces air compulsorily through a slot to the path 
clearance between a radial bearing object or a thrust bearing object, and body of 
revolution at least. Thereby, the pneumatic pressure in the path clearance is raised, 
and body of revolution rotates at high speed through the pneumatic bearing prepared 
between each part material. Thus, in order to realize high-speed rotation, pneumatic 
bearing is used, the rotation precision under high-speed rotation is maintained, and 
the load load of the thrust direction which joins body of revolution is supported by 
pneumatic bearing. Moreover, since an above-mentioned radial bearing object and 
body of revolution are formed with the ceramic material, respectively, they can be 
equal to the slide between each part material in the low-speed region at the time of 
the deactivation of body of revolution. 

[0004] however, conventional Si3 N4 etc. — when the radial bearing object formed 
with the ceramics was used by the high-speed rotation exceeding 5000r.p.m., it was 



accompanied by the impact by contact of bearing material — it strikes and a wear 
phenomenon occurs. That is, if the impulse force of a sudden radial direction joins 
body of revolution at the time of high-speed rotation, the slide between each part 
material will be caused in a high-speed region. The conventional ceramic sintered 
compact was difficult to be equal to the high-speed slide. Therefore, although the 
load load of the thrust direction which the rotation precision at the time of high- 
speed rotation is maintained, and joins body of revolution was supported even if it 
constituted the radial bearing object or the thrust bearing object from a pneumatic- 
bearing object which consists of a ceramic sintered compact as mentioned above, it 
was difficult to support the impulse force of the radial direction which joins body of 
revolution suddenly at the time of high-speed rotation. 

[0005] Moreover, when forming the above-mentioned pneumatic-bearing object from 
a ceramic material, high processing and assembly precision are required of a ceramic 
member, and there is a problem of causing the rise of a manufacturing cost. 
Furthermore, pneumatic bearing needs to be used under pure environment in order 
to dislike permeation of dust. From this, pneumatic bearing has a defect, like the 
structure accompanying pneumatic bearing becomes complicated, such as being 
used with the gestalt contained by the well-closed container, and storage space 
becomes large. In order to cancel such a trouble, it is possible to use the plain- 
bearing object of the Bush type formed with the ceramics as a bearing object for 
high-speed rotation. 

[0006] Drawing 16 is the drawing of longitudinal section showing the outline 
structure of the plain-bearing object of the Bush type formed with the conventional 
ceramics. This Bush type of plain-bearing object consists of two thrust plain-bearing 
objects 81 and 82, and the radial plain-bearing object and body of revolution 83 and 
84 of a pair. Thus, the plain-bearing object of the Bush type constituted can be 
equal to the slide between each part material in the low-speed region at the time of 
deactivation. However, like the pneumatic-bearing object made from the above- 
mentioned ceramics, in the slide accompanying the high-speed rotation exceeding 
5000r.p.m., it strikes with the impact by contact of bearing material, and a wear 
phenomenon occurs. Therefore, a plain-bearing object conventional Bush type is 
difficult to be equal to the slide, and when a sliding surface was ruined, it had the 
defect that frictional resistance increased. Especially, to the load of the thrust 
direction, this orientation is remarkable. When the same load load compares, the 
frictional resistance of the thrust direction is 5 to 1 0 times larger compared with the 
frictional resistance of a radial direction. Therefore, even if it used the Bush type 
plain-bearing object made from the ceramics as a bearing object for high-speed 
rotation, there was a trouble that it was difficult it to be not only difficult to support 
the impulse force of the sudden radial direction under rotation, but to support the 
load load of the thrust direction which joins body of revolution. 
[0007] Then, it was made in order that this invention might solve the above- 
mentioned trouble, and it aims at offering the structure of the bearing object which 



can be equal to high-speed rotation. 
[0008] 

[The means for solving a technical problem and the operation effect of invention] 
The compound bearing structure where this invention was followed has a 
predetermined load, and is equipped with the 1st bearing means, the 2nd bearing 
means, and the 3rd bearing means in support of the body of revolution rotated at 
high speed. The 1 st bearing means contains during rotation the ceramic sintered 
compact which supports the impulse force of the radial direction which joins body of 
revolution. The 2nd bearing means supports the load load of the direction of an axis 
which joins body of revolution, where body of revolution and a predetermined gap are 
maintained. The 3rd bearing means maintains the rotation precision of the radial 
direction of body of revolution. 

[0009] In this invention, even if the impulse force of a sudden radial direction joins 
the body of revolution to rotate at high speed, the ceramic sintered compact which 
constitutes the 1st bearing means supports that impulse force, and can be equal to 
the slide in a high-speed region. Moreover, the load load of the direction of an axis 
(thrust) which joins body ov revolution is supported by the 2nd bearing means, where 
path clearance is maintained between body of revolution. Therefore, even if body of 
revolution rotates at high speed, the rate which the frictional resistance produced to 
the load of the thrust direction increases may be reduced. Furthermore, the rotation 
precision of the radial direction of body of revolution to rotate is maintained by the 
3rd bearing means at high speed. For this reason, the rotation precision required of a 
precision instrument may be maintained after long duration operation. 
[0010] As mentioned above, according to this invention, since it has the 1st, 2nd, 
and 3rd bearing means, the increment in the frictional resistance by the load of the 
thrust direction which a wear phenomenon does not occur according to sudden 
impulse force during high-speed rotation, and joins body of revolution is controlled, 
and rotation precision may be further maintained also in rotation of long duration. 
Therefore, according to this invention, the structure of the compound bearing object 
suitable for supporting the body of revolution to rotate may be offered at high speed. 
[001 1] According to the 1st desirable aspect of affairs of this invention, the ceramic 
sintered compact which constitutes the 1st bearing means contains a silicon nitride 
system ceramic sintered compact Moreover, the rate of volume of that grain 
boundary phase of this silicon nitride system ceramic sintered compact is below 15 
volume % including the crystal grain child whose linear density per length of 30 
micrometers is 35 or more pieces. Furthermore, an overall diameter is [ the content 
of the pore of the sintered compact of the silicon nitride system ] 3% or less 
including pore 20 micrometers or less. Such a silicon nitride system sintered 
compact is 2 80kg/mm as three JIS flexural strength at least. It is 2 100kg/mm 
preferably above. It is 5 MPa-m1 / 2 as a fracture toughness value above. It has the 
above mechanical property. 

[0012] In the 1st desirable aspect of affairs of this invention, including the crystal 



grain child to whom the sintered compact of the silicon nitride system which 
constitutes the 1st bearing means has the linear density more than constant value, 
the rate of volume of a grain boundary phase is stopped below at constant value, 
and porosity is stopped below at constant value. Therefore, bearing material consists 
of sintered compacts of the silicon nitride system equipped with detailed crystal 
grain. Consequently, it excels also in chipping-proof nature, without the surface of 
the silicon nitride system sintered compact which constitutes bearing material 
suffering a loss according to a crystal grain child's omission etc. Thus, the bearing 
material which consists of the above-mentioned silicon nitride system sintered 
compact is equipped with the abrasion resistance which struck and was excellent 
also to the high-speed slide accompanied by a wear phenomenon. Therefore, the 
impulse force of the sudden radial direction which joins body of revolution during 
high-speed rotation is supported with the above-mentioned silicon nitride system 
sintered compact, and the above-mentioned silicon nitride system sintered compact 
shows the outstanding abrasion resistance also to the high-speed slide then caused. 
[0013] In the 2nd desirable aspect of affairs of this invention, the 2nd bearing means 
includes a dynamic pressure gas bearing means to support a load load by the gas 
pressure generated by rotation of body of revolution. Moreover, the 2nd bearing 
means includes a magnetic bearing means to support a load load using a magnetic 
suction force or magnetic repulsive force. These dynamic pressure gas bearing 
means and magnetic bearing means contain the rotation member rotated with body 
of revolution, and the holddown member which maintains a gap in the direction of an 
axis and counters a rotation member, respectively. In the dynamic pressure gas 
bearing means, the slot which introduces a gas is formed in the gap so that gas 
pressure may generate a rotation member and a holddown member in either a 
rotation member and a holddown member including a ceramic sintered compact. In a 
magnetic bearing means, a rotation member and a holddown member contain the 
magnet which makes a gap generate a magnetic suction force or magnetic repulsive 
force. 

[0014] In the 2nd aspect of affairs of this invention, the load of the thrust direction 
which contributes to increase of the frictional resistance of a bearing object most 
greatly may be supported or mitigated by the dynamic pressure gas bearing means 
using the pressure of the gas introduced into the gap from a slot. Or the load of the 
thrust direction may be supported or mitigated by the magnetic bearing means using 
magnetic repulsive force or attraction. Thereby, the rise of driving torque may be 
suppressed very small to the increment in rotational speed. If a magnetic bearing 
means constitutes the 2nd bearing means especially, compared with a dynamic 
pressure gas bearing means, the rise of the driving torque over the increment in 
rotational speed will be suppressed smaller. 

[0015] According to the 3rd desirable aspect of affairs of this invention, the 3rd 
bearing means contains the ceramic sintered compact which maintains rotation 
precision where body of revolution and a predetermined gap are maintained. In this 



case, it becomes possible theoretically by narrowing that gap as much as possible to 
raise rotation precision. 

[0016] Moreover, according to the 3rd more desirable aspect of affairs of this 
invention, the 3rd bearing means includes a dynamic pressure gas bearing means to 
maintain rotation precision by the gas pressure generated by rotation of body of 
revolution. The dynamic pressure gas bearing means contains the rotation member 
rotated with body of revolution, and the holddown member which maintains a gap at 
a radial direction and counters the rotation member. The slot which introduces a gas 
is formed in the gap so that gas pressure may generate a rotation member and a 
holddown member in either a rotation member and a holddown member including a 
ceramic sintered compact. Thus, when using a dynamic pressure gas bearing means 
as 3rd bearing means, even if it enlarges comparatively the gap between a rotation 
member and a holddown member (path clearance), in high-speed rotation of long 
duration, rotation precision may be maintained in a high precision. 
[0017] Furthermore, in the 3rd more desirable aspect of affairs of this invention, the 
3rd bearing means includes a magnetic bearing means to maintain rotation precision 
using a magnetic suction force or magnetic repulsive force where body of revolution 
and a predetermined gap are maintained. The magnetic bearing means contains the 
rotation member rotated with body of revolution, and the holddown member which 
maintains a gap at a radial direction and counters the rotation member. A rotation 
member and a holddown member contain the magnet which makes a gap generate a 
magnetic suction force or magnetic repulsive force. A rotation member and a 
holddown member consist of a ceramic sintered compact, and the magnet is 
embedded to the interior of a ceramic sintered compact. Thus, even if it continues 
high-speed rotation for a long time where path clearance between a rotation 
member and a holddown member is enlarged comparatively when a magnetic bearing 
means is used as 3rd bearing means, rotation precision may be maintained in a high 
precision. 

[0018] As explained above, according to this invention, the structure of the various 
compound bearing objects suitable for supporting the body of revolution to rotate 
may be offered at high speed. 
[0019] 

[Example] The various examples of structure of the compound bearing object 
according to this invention are shown in a table 1. The example of structure of A-H 
is shown in a table 1 as combination of a radial bearing means and a thrust bearing 
means. Corresponding to A-H, as for each example of structure, the rough structure 
is shown in drawing 1 - drawing 8 . In addition, the examples B and H of structure 
show the example of a comparison of this invention. Hereafter, with reference to a 
table 1 and each drawing ( drawing 1 - drawing 8 ), the example and the example of a 
comparison of structure of a compound bearing object are explained in order. 
[0020] 
[A table 1] 



a 



[0021] Example of structure A drawing 1 is the conceptual diagram showing roughly 
the compound bearing structure by one example of this invention. As shown in 
drawing 1 , compound bearing structure is equipped with an inner ring of spiral 
wound gasket 1, an outer ring of spiral wound gasket 2, the lower thrust board 3, and 
the up thrust board 4. Each part material 1-4 consists of a ceramic sintered 
compact of a silicon nitride system. An inner ring of spiral wound gasket 1 has the 
shape of a cylindrical shape so that the peripheral face of a predetermined shaft can 
be surrounded. The radial dynamic pressure generating slot 5 of the shape of two or 
more V character is formed in the cylinder side of an inner ring of spiral wound 
gasket 1 . The lower thrust board 3 and the up thrust board 4 are formed so that the 
both-ends side of an inner ring of spiral wound gasket 1 may be contacted. The 
cylindrical shape-like outer ring of spiral wound gasket 2 is formed so that it may 
have predetermined path clearance to the cylinder side of an inner ring of spiral 
wound gasket 1 , and the medial surface of the lower thrust board 3 and the up 
thrust board 4. Two or more curled form thrust dynamic pressure generating slots 6 
are formed in the field where an outer ring of spiral wound gasket 2 and the lower 
thrust board 3 counter mutually. In addition, it may be formed in either although the 
thrust dynamic pressure generating slot 6 is formed in both the outer ring of spiral 
wound gasket 2 and the lower thrust board 3. 

[0022] In the compound bearing object constituted as mentioned above, an outer 
ring of spiral wound gasket 2 shall rotate with body of revolution, and an inner ring of 
spiral wound gasket 1 and the thrust boards 3 and 4 shall be fixed to a 
predetermined shaft. If an outer ring of spiral wound gasket 2 rotates with body of 
revolution at this time, air will be introduced along the radial dynamic pressure 
generating slot 5 and the thrust dynamic pressure generating slot 6 between an 
outer ring of spiral wound gasket 2 and the lower thrust board 3 between an outer 
ring of spiral wound gasket 2 and an inner ring of spiral wound gasket 1, and the path 



clearance between each will be kept constant Thereby, pneumatic bearing is 
constituted. With the pneumatic pressure generated in each path clearance, without 
contacting an inner ring of spiral wound gasket 1 and the thrust boards 3 and 4, the 
outer ring of spiral wound gasket 2 rotated with body of revolution is high-speed, 
and may be rotated. 

[0023] According to the example A of structure, both radial bearing object and 
thrust bearing object consist of ceramic pneumatic-bearing objects. Therefore, the 
rotation precision of a radial direction is maintained with a radial pneumatic-bearing 
object, and the load of the thrust direction is supported with a thrust pneumatic- 
bearing object Moreover, the impulse force of the sudden radial direction under 
high-speed rotation is supported with the silicon nitride system sintered compact by 
forming the ceramic sintered compact which constitutes each pneumatic-bearing 
object with the below-mentioned silicon nitride system sintered compact. 
[0024] Example of structure B drawing 2 (A) is the conceptual diagram showing 
roughly the compound bearing structure by the example of a comparison of this 
invention, and drawing 2 (B) is drawing expanding and showing the portion of the 
permanent magnet used for that bearing structure. As shown in drawing 2 , the 
compound bearing object of this example of a comparison is equipped with an inner 
ring of spiral wound gasket 1, an outer ring of spiral wound gasket 2, the lower thrust 
board 3, and the up thrust board 4. Each part material 1-4 has the base material 
which consists of a ceramic sintered compact of a silicon nitride system. An inner 
ring of spiral wound gasket 1 has the shape of a cylindrical shape so that the 
peripheral face of a predetermined shaft can be surrounded. The thrust boards 3 and 
4 are formed so that the both-ends side of an inner ring of spiral wound gasket 1 
may be contacted. An outer ring of spiral wound gasket 2 is formed so that 
predetermined path clearance may be maintained to the cylinder side of an inner ring 
of spiral wound gasket 1, and the medial surface of the thrust boards 3 and 4. In the 
case of this example of structure, permanent magnets 7, 8, 9, and 1 0 are arranged in 
the shape of a ring in the cylinder side where an inner ring of spiral wound gasket 1 
and an outer ring of spiral wound gasket 2 counter mutually, respectively. Moreover, 
the curled form thrust dynamic pressure generating slot 6 is formed in the field 
where an outer ring of spiral wound gasket 2 and the lower thrust board 3 counter. 
[0025] In the compound bearing object constituted as mentioned above, if an outer 
ring of spiral wound gasket 2 rotates with body of revolution, there will be it along 
the thrust dynamic pressure generating slot 6, air will be introduced between an 
outer ring of spiral wound gasket 2 and the lower thrust board 3, and path clearance 
in the meantime will be kept constant Thereby, pneumatic bearing is constituted. On 
the other hand, since like poles have countered mutually as shown in drawing 2 (B), 
the permanent magnet 7 of an inner ring of spiral wound gasket 1 (9) and the 
permanent magnet 8 of an outer ring of spiral wound gasket 2 (10) carry out the 
operation which keeps constant the path clearance between an inner ring of spiral 
wound gasket 1 and an outer ring of spiral wound gasket 2 according to the repulsive 



force. 

[0026] The load of the thrust direction under high-speed rotation is supported [ in / 
as mentioned above / the example B of structure ] with a pneumatic-bearing object, 
and the rotation precision of a radial direction is maintained by the magnetic shaft 
acceptor. However, if the impulse force of a radial direction sudden during high- 
speed rotation joins body of revolution, the permanent magnet 7 (9) which has 
countered, and 8 (10) will contact. Therefore, this structure is weak to the impulse 
force of a radial direction. 

[0027] Example C drawing 3 of structure (A) and (B) are the conceptual diagrams 
showing roughly the compound bearing structure by one example of this invention. 
As shown in drawing 3 (A), a compound bearing object is equipped with an inner ring 
of spiral wound gasket 1, an outer ring of spiral wound gasket 2, and the thrust 
boards 3 and 4. Each part material 1-4 mainly consists of a ceramic sintered 
compact of a silicon nitride system. The thrust boards 3 and 4 are formed so that 
the both-ends side of an inner ring of spiral wound gasket 1 may be contacted. The 
outer ring of spiral wound gasket 2 is formed so that predetermined path clearance 
may be maintained to the cylinder side of an inner ring of spiral wound gasket 1, and 
the medial surface of the thrust boards 3 and 4. In the case of this example of 
structure, permanent magnets 7-10 are formed in the cylinder side where an inner 
ring of spiral wound gasket 1 and an outer ring of spiral wound gasket 2 counter 
mutually, respectively. Moreover, the thrust dynamic pressure generating slot 6 is 
formed in the field where an outer rinr; of spiral wound gasket 2 and the lower thrust 
board 3 counter in two or more curled form forms. The path clearance between an 
inner ring of spiral wound gasket 1 and an outer ring of spiral wound gasket 2 
consists of the 1st path clearance between the ceramic sintered compacts which 
constitute each member, and a permanent magnet 7 (9) and the 2nd path clearance 
between 8 (10). The 2nd path clearance is larger than the 1st path clearance. 
[0028] In the compound bearing object constituted as mentioned above, when an 
outer ring of spiral wound gasket 2 rotates with body of revolution, air is introduced 
along the thrust dynamic pressure generating slot 6 between an outer ring of spiral 
wound gasket 2 and the lower thrust board 3, path clearance in the meantime is kept 
constant, and a thrust pneumatic-bearing object is constituted. Moreover, in a radial 
direction, when fixed path clearance is maintained by a permanent magnet 7 (9) and 
the repulsive force produced between 8 (10), the rotation precision under high- 
speed rotation is maintained. Even if the sudden impulse force of a radial direction 
joins body of revolution at this time, an inner ring of spiral wound gasket 1 and an 
outer ring of spiral wound gasket 2 do not contact between permanent magnets, and 
contact between the silicon nitride system sintered compacts of high intensity. 
Therefore, there is nothing that were accompanied by the impact by contact to an 
inner ring of spiral wound gasket 1 and an outer ring of spiral wound gasket 2 in the 
slide accompanying high-speed rotation and that it strikes and a wear phenomenon 
generates. 



[0029] As mentioned above, the rotation precision of a radial direction is maintained 
in the example C of structure, and the compound bearing structure which the load of 
the thrust direction is not only supported, but can be borne to the sudden impulse 
force of a radial direction is offered. 

[0030] Another type of the example C of structure is shown in drawing 3 (B). A 
different point from the structure shown in drawing 3 (A) is that the permanent 
magnet 1 1 is embedded to the interior of an inner ring of spiral wound gasket 1, and 
permanent magnets 8 and 10 are formed in the periphery cylinder side side of an 
outer ring of spiral wound gasket 2. In this case, a permanent magnet 8 (10) and 1 1 
generate repulsive force through the ceramic sintered compact which constitutes an 
inner ring of spiral wound gasket 1 and an outer ring of spiral wound gasket 2, 
respectively. At this time, the path clearance between an inner ring of spiral wound 
gasket 1 and an outer ring of spiral wound gasket 2 is set up in consideration of the 
repulsive force between magnets required in order to maintain a predetermined 
rotation precision. 

[0031] Example D drawing 4 of structure is the conceptual diagram showing roughly 
the compound bearing structure by one example of this invention. As shown in 
drawing 4 , a compound bearing object is equipped with an inner ring of spiral wound 
gasket 1, an outer ring of spiral wound gasket 2, and the thrust boards 3 and 4. Each 
part material 1-4 consists of a ceramic sintered compact of a silicon nitride system. 
An inner ring of spiral wound gasket 1 has the shape of a cylindrical shape so that 
the peripheral face of a predetermined shaft can be surrounded. The thrust boards 3 
and 4 are formed so that the both-ends side of an inner ring of spiral wound gasket 
1 may be contacted, an outer ring of spiral wound gasket 2 is formed so that an 
inner ring of spiral wound gasket 1 may resemble the thrust boards 3 and 4, 
respectively, it may receive and predetermined path clearance may be maintained. 
The curled form thrust dynamic pressure generating slot 6 is formed in the field 
where an outer ring of spiral wound gasket 2 and the lower thrust board 3 counter. 
The path clearance between an inner ring of spiral wound gasket 1 and an outer ring 
of spiral wound gasket 2 is set as a minute value so that a predetermined rotation 
precision can be maintained during high-speed rotation. Thus, the load of the thrust 
direction is supported with the pneumatic-bearing object constituted as mentioned 
above, and the rotation precision of a radial direction is maintained by the minute 
path clearance between an inner ring of spiral wound gasket 1 and an outer ring of 
spiral wound gasket 2. Moreover, the impulse force of the sudden radial direction 
under high-speed rotation is supported with the silicon nitride system ceramic 
sintered compact of the high intensity which constitutes an inner ring of spiral 
wound gasket 1 and an outer ring of spiral wound gasket 2. 

[0032] Example of structure E drawing 5 is the conceptual diagram showing roughly 
the structure of the compound bearing object by one example of this invention. As 
shown in drawing 5 , a compound bearing object is equipped with an inner ring of 
spiral wound gasket 1, an outer ring of spiral wound gasket 2, the lower thrust board 



13, and the up thrust board 4. An inner ring of spiral wound gasket 1, an outer ring of 
spiral wound gasket 2, and the up thrust board 4 mainly consist of ceramic sintered 
compacts of a silicon nitride system. An inner ring of spiral wound gasket 1 has the 
shape of a cylindrical shape so that the peripheral face of a predetermined shaft can 
be surrounded. The radial dynamic pressure generating slot 5 of the shape of two or 
more V character is formed in the cylinder side of an inner ring of spiral wound 
gasket 1. The lower thrust board 13 consists of a permanent magnet. The ring-like 
permanent magnet 12 is formed in the field of the outer ring of spiral wound gasket 2 
which counters the lower thrust board 13. 

[0033] Thus, in the compound bearing object constituted, if an outer ring of spiral 
wound gasket 2 rotates with body of revolution, air will be introduced along the radial 
dynamic pressure generating slot 5 between an inner ring of spiral wound gasket 1 
and an outer ring of spiral wound gasket 2, and path clearance in the meantime will 
be kept constant. Thereby, since a pneumatic-bearing object is constituted, the 
rotation precision of a radial direction is maintained. Moreover, since the permanent 
magnet 12 and the lower thrust board (permanent magnet) 13 of an outer ring of 
spiral wound gasket 2 generate repulsive force, predetermined path clearance is 
maintained between an outer ring of spiral wound gasket 2 and the lower thrust 
board 13. Thereby, thrust loading under high-speed rotation is supported. 
Furthermore, since the inner ring of spiral wound gasket 1 and the outer ring of 
spiral wound gasket 2 consist of silicon nitride system sintered compacts of high 
intensity, even if sudden impulse force is added during high-speed rotation and an 
inner ring of spiral wound gasket 1 contacts an outer ring of spiral wound gasket 2, it 
strikes and a wear phenomenon does not occur. 

[0034] As mentioned above, while according to the example E of structure rotation 
precision is maintained during high-speed rotation and the load of the thrust 
direction is supported, the compound bearing object which can be borne also to the 
impulse force under high-speed rotation is offered. 

[0035] Example of structure F drawing 6 (A) and (B) are the conceptual diagrams 
showing roughly the structure of the compound bearing object by one example of 
this invention. As shown in drawing 6 (A), a compound bearing object is equipped 
with an inner ring of spiral wound gasket 1, an outer ring of spiral wound gasket 2, 
and the thrust boards 3 and 4. It mainly consists of ceramic sintered compacts of 
each part material 1 - 4 silicon-nitride system. A different point from the example C 
of structure ( drawing 3 (A)) is the structure of the bearing object of the thrust 
direction. Permanent magnets 1 5 and 1 6 are formed in the field where an outer ring 
of spiral wound gasket 2 and the lower thrust board 3 counter. The permanent 
magnet 15 is formed so that the permanent magnet 14 of an inner ring of spiral 
wound gasket 1 may also be countered. Thus, the load of the thrust direction is also 
supported by the magnetic shaft acceptor. According to this example F of structure, 
the rotation precision of a radial direction is maintained by the magnetic shaft 
acceptor, the load of the thrust direction is supported by the magnetic shaft 



acceptor, and the impulse force of a radial direction is supported with the ceramic 
sintered compact of high intensity. 

[0036] Drawing 6 (B) shows another type of the example F of structure. A different 
point from the example C of structure ( drawing 3 (B)) is that the load of the thrust 
direction is not supported with a pneumatic-bearing object, but is supported by the 
magnetic shaft acceptor. That is, the permanent magnet 1 7 of the lower thrust 
board 3 is formed so that the permanent magnet 10 of an outer ring of spiral wound 
gasket 2 may be countered. 

[0037] Example of structure G drawing 7 (A) and (B) are the conceptual diagrams 
showing roughly the structure of the compound bearing object by one example of 
this invention. As shown in drawing 7 (A), a compound bearing object is equipped 
with an inner ring of spiral wound gasket 1, an outer ring of spiral wound gasket 2, 
the lower thrust board 13, and the up thrust board 4. An inner ring of spiral wound 
gasket 1, an outer ring of spiral wound gasket 2, and the up thrust board 4 mainly 
consist of ceramic sintered compacts of a silicon nitride system. An inner ring of 
spiral wound gasket 1 has the shape of a cylindrical shape so that the peripheral 
face of a predetermined shaft can be surrounded. The thrust boards 13 and 4 are 
formed so that the both-ends side of an inner ring of spiral wound gasket 1 may be 
contacted. The lower thrust board 1 3 consists of a permanent magnet. The 
permanent magnet 12 is formed in the field of the lower thrust board 13 and the 
outer ring of spiral wound gasket 2 which counters. The path clearance between an 
inner ring of spiral wound gasket 1 and an outer ring of spiral wound gasket 2 is set 
as a minute value so that a predetermined rotation precision can be maintained 
during high-speed rotation. Thus, while the load of the thrust direction is supported 
by the repulsive force generated with a permanent magnet 12 and the lower thrust 
board (permanent magnet) 13, the impulse force of a radial direction is supported 
with the silicon nitride system sintered compact of the high intensity which 
constitutes an inner ring of spiral wound gasket 1 and an outer ring of spiral wound 
gasket 2. 

[0038] On the other hand, as shown in drawing 7 (B), even if it sets the path 
clearance between an inner ring of spiral wound gasket 1 and an outer ring of spiral 
wound gasket 2 as a bigger value than the compound bearing object of drawing 7 (A) 
in the compound bearing object which equipped with the permanent magnet 18 the 
field of the up thrust board 19 which consists of a permanent magnet, and the outer 
ring of spiral wound gasket 2 which counters it, a predetermined rotation precision 
under high-speed rotation is maintainable. By holding the upper and lower sides of 
an outer ring of spiral wound gasket 2 by the magnetic bearing, this is because **** 
of the outer ring of spiral wound gasket 2 under high-speed rotation can be 
controlled. 

[0039] Example of structure H drawing 8 is the conceptual diagram showing roughly 
the structure of the compound bearing object by the example of a comparison of 
this invention. As shown in drawing 8 , a compound bearing object is equipped with 



an inner ring of spiral wound gasket 1, an outer ring of spiral wound gasket 2, and the 
thrust boards 3 and 4. Each part material 1-4 consists of a ceramic sintered 
compact of a silicon nitride system. An inner ring of spiral wound gasket 1 has the 
shape of a cylindrical ghape so that the peripheral face of a predetermined shaft can 
be surrounded. The thrust boards 3 and 4 are formed so that the both-ends side of 
an inner ring of spiral wound gasket 1 may be contacted. An outer ring of spiral 
wound gasket 2 is formed so that predetermined path clearance may be maintained 
to an inner ring of spiral wound gasket 1 and the thrust boards 3 and 4. Thus, 
according to the constituted compound bearing object, the radial rotation precision 
under high-speed rotation is maintained by setting the path clearance between an 
inner ring of spiral wound gasket 1 and an outer ring of spiral wound gasket 2 as a 
minute value. Moreover, the sudden impulse force under high-speed rotation is 
supported with the ceramic sintered compact of the silicon nitride system of the 
high intensity which constitutes an inner ring of spiral wound gasket 1 and an outer 
ring of spiral wound gasket 2. However, it is difficult to support the load of the thrust 
direction during high-speed rotation with the thrust boards 3 and 4. 
[0040] If the above example A-H of structure is summarized, the direction of the 
magnetic shaft acceptor of example E-G of structure is able to attain simplification 
of structure about the supporting structure of the load of the thrust direction 
compared with the pneumatic-bearing object of example A-D of structure. Moreover, 
in supporting the load of the thrust direction with a pneumatic-bearing object, fixed 
area is needed in order to secure lift. Furthermore, if it does not become more than 
a fixed rotational frequency according to the pneumatic-bearing object, according to 
the magnetic shaft acceptor, lift can be generated from rotational initiation to lift not 
occurring. 

[0041] as the means for raising the rotation precision of a radial direction — a radial 
bearing object — a pneumatic-bearing object — carrying out (examples A and E of 
structure) — that (examples B, C, and F of structure) which uses a magnetic shaft 
acceptor together is effective. Even if it adopts a Bush type plain-bearing object, it 
is possible by setting the path clearance (gap) of an inner ring of spiral wound gasket 
and an outer ring of spiral wound gasket as a minute value to raise rotation precision 
(examples D, G, and H of structure). 

[0042] About the shock resistance of a radial direction, all examples of structure 
other than the example B of structure which does not use a ceramic sintered 
compact for a radial bearing object may be satisfied. Other than the example B of 
structure, even if impulse force is added during high-speed rotation and an inner ring 
of spiral wound gasket and an outer ring of spiral wound gasket contact, it is not 
burned. Since a chip and a chipping do not occur when the silicon nitride system 
ceramic sintered compact of high intensity is used especially, a good bearing 
property may be maintained. 

[0043] Next, in the compound bearing structure of one example of this invention, the 
manufacture method of the sintered compact of a silicon nitride system is explained 



as a material of the impact-proof member of a radial direction. 
[0044] Si3 N4 96.5% and whose amount of oxygen 3mho=0.20micrometer and the 
rate of alpha crystallization are [ mean particle diameter ] 1 .4 % of the weight for 0.3 
micrometers and particle size distribution Raw material powder was prepared. This 
Si3 N4 Y2 03 92 % of the weight and whose mean particle diameter are 0.8 
micrometers about raw material powder aluminum 203 4 % of the weight and whose 
mean particle diameter are 0.5 micrometers about powder Wet blending of the AIN 
powder 3 % of the weight and whose mean particle diameter are 1 .0 micrometers 
about powder was carried out at 1% of the weight of a rate for 100 hours using the 
ball mill in ethanol. Then, it is the mixed powder obtained by drying 5000kg/cm2 CIP 
(hydrostatic pressure between the colds) shaping was carried out by the pressure. 
The acquired Plastic solid was held in the temperature of 1600 degrees C for 4 
hours under the nitrogen-gas-atmosphere mind of one atmospheric pressure. 
Furthermore, the sintered compact was obtained by performing sintering processing 
in the temperature of 1 750 degrees C for 6 hours. Then, in the temperature of 1 700 
degrees C, HIP (hydrostatic pressure between heat) processing of 2 hours was 
performed to this sintered compact in the nitrogen-gas-atmosphere mind of 1000 
atmospheric pressures. 

[0045] Thus, in the sintered compact of the obtained silicon nitride system, average 
major-axis particle size was 5 micrometers or less, the aspect ratio of the crystal 
grain was four or more, and the greatest major-axis particle size was 15 
micrometers or less. This sintered compact is 2 the three JIS flexural strength of 
80kg/mm. It is fracture toughness value 5 MPa- m1 / 2 above. It had the above 
mechanical property. The test piece was started from the obtained sintered 
compact, and abrasion resistance was evaluated according to the AMUSURA type 
abrasion test. 

[0046] Drawing 9 (A) is a graph which shows the relation of the load, the product 
(P-V) of rotational speed, and wear rate which are added to a sample. In drawing 9 , 
each curvilinear a~e shows the measurement result obtained by the following 
samples. 

[0047] a: That whose overall diameter of 0.05% and pore 8 volume % and porosity is 
[ the linear density of the crystal grain child per length of 30 micrometers ] 8 
micrometers in the sintered compact of the silicon nitride system obtained by the 
manufacture method of the example above of this invention for the rate of volume of 
40 pieces and a grain boundary phase. 

[0048] b: That whose overall diameter of 3.2% and pore 16 volume % and porosity is 
[ the linear density of the crystal grain child per length of 30 micrometers ] 22 
micrometers in the sintered compact of the silicon nitride system obtained by the 
manufacture method of the example above of a comparison for the rate of volume of 
30 pieces and a grain boundary phase. 

[0049] c, d, e: The conventional example ceramic industry association magazine, the 
sample of the sintered compact of a silicon nitride system shown in 73rd page - the 



80th volume [ 93rd ] page (especially Fig. 3) in 1985. 

[0050] in addition, the AMUSURA type abrasion test be performed by measure the 
reduction degree of the weight of two samples, after perform the sliding trial of 
about 100000 rotations by a mutual circumference side fix a two ring-like sample 
(phi16 mmxphi 30mmx8mm) to the axis of rotation of a testing machine in the 
condition of be correctly in contact, add a predetermined load, and make the axis of 
rotation drive at a predetermined rotational frequency. 

[0051] The sintered compact according to this invention is extremely excellent in 
abrasion resistance so that clearly from (A) of drawing 9 . When the value of P-V 
(kg-m/s) in drawing 9 is converted into per unit area of a sliding surface, it comes to 
be shown in (B) of drawing 9 . 

[0052] The sintered compact produced as mentioned above considers the case 
where it is exposed to the slide in high-speed rotation of the rotating polygon for 
laser beam printers. The magnitude of a polygon mirror (polygon mirror) is about 
10mm in thickness in the polyhedron (six to 20 face piece) which enters in an about 
[ phi30-150mm ] circumscribed circle cylinder. The weight of such a polygon mirror 
is within the limits of about 20~500g. Therefore, if the diameter of the bearing object 
which supports the above-mentioned polygon mirror is set to 10mm and the 
rotational frequency of a polygon mirror is made into 2000 - 100000r.p.m., the 
peripheral speed will serve as 100 - 5200 cm/s. At this time, it is a bearing surface 
product 3.14cm 2 If it carries out, the value of P-V (kg/cm-s) will serve as 1 - 828 
kg/cm-s. (B) of drawing 9 is referred to to the value of P-V within the limits of this. 
The sintered compact of this invention can show a low wear rate to the value of 
wide range P-V of 1 - 600 kg/cm-s, and can be enough borne to the slide in high- 
speed rotation of the above-mentioned polygon mirror. 

[0053] That is, in the above-mentioned example, the case where the sintered 
compact is always sliding is considered during high-speed rotation. Also in such a 
case, since the sintered compact of this invention shows a low wear rate to the 
value of wide range P-V, even if sudden impulse force is added during high-speed 
rotation even if and the slide accompanying high-speed rotation is caused, the 
sintered compact of this invention can be borne enough at the slide. 
[0054] Next, the bearing engine performance was evaluated using the predetermined 
testing machine about each **** of the above-mentioned examples G, D, and H of 
structure. 

[0055] Drawing 1 0 is the schematic diagram showing the configuration of the bearing 
performance-evaluation testing machine used for the example G of structure. The 
inner ring of spiral wound gasket 50 which consists of a sintered compact of the 
above-mentioned silicon nitride system so that it may have the bore of 10mm is 
produced. This inner ring of spiral wound gasket 50 is formed so that it may rotate 
with body of revolution 200. An outer ring of spiral wound gasket 100 consists of a 
sintered compact of the above-mentioned silicon nitride system, and it is formed so 
that predetermined path clearance may be maintained and received to an inner ring 



of spiral wound gasket 50. Moreover, the upper part of body of revolution 200 is 
equipped with the magnetic shaft acceptor 500 constituted using the repulsive force 
of a ferrite magnet. 

[0056] Drawing 1 1 is the schematic diagram showing the configuration of the bearing 
performance-evaluation testing machine used for the example D of structure. The 
inner ring of spiral wound gasket 1000 which consists of the above-mentioned 
silicon nitride system sintered compact so that it may have the bore of 10mm is 
produced. This inner ring of spiral wound gasket 1000 is formed so that it may rotate 
with body of revolution 200. An outer ring of spiral wound gasket 1 100 is formed so 
that predetermined path clearance may be maintained to an inner ring of spiral 
wound gasket 1000. An outer ring of spiral wound gasket 1 100 is produced from the 
sintered compact of the above-mentioned silicon nitride system. In the bottom of an • 
outer ring of spiral wound gasket 1 100, the thrust board 900 which consists of a 
ceramic sintered compact of a silicon nitride system is formed. The curled form 
dynamic pressure generating slot 1200 is formed in the field of the inner ring of 
spiral wound gasket 1000 which counters this thrust board 900. 
[0057] Drawing 1 2 is the schematic diagram showing the configuration of the bearing 
performance-evaluation testing machine used for the example H of structure. The 
inner ring of spiral wound gasket 700 which consists of a ceramic sintered compact 
of the above-mentioned silicon nitride system so that it may have the bore of 10mm 
is produced. This inner ring of spiral wound gasket 700 is formed so that it may 
rotate with body of revolution 200. An outer ring of spiral wound gasket 800 consists 
of a sintered compact of the above-mentioned silicon nitride system, and it is 
formed so that predetermined path clearance may be maintained to an inner ring of 
spiral wound gasket 700. In the bottom of an outer ring of spiral wound gasket 800, 
the thrust board 600 which consists of a ceramic sintered compact of a silicon 
nitride system is formed. Predetermined path clearance is prepared between the 
thrust board 600 and an inner ring of spiral wound gasket 700. 
[0058] After making the rotational frequency of body of revolution 200 reach to the 
set point by the motor 300 using each bearing performance-evaluation testing 
machine constituted as mentioned above, it held for 10 minutes at the setting 
rotational frequency. Then, driving torque was measured using the torque meter 400. 
[0059] Rotational frequency [r. of the body of revolution by which drawing 13 is 
supported by the examples G, D, and H of structure of a compound bearing object It 
is the graph which shows the relation between p.m.] (or peripheral speed in family 
inner skin [m/sec]), and driving torque [g-cm] based on the above-mentioned 
measurement result. The measurement result using the compound bearing object of 
the example G of structure is shown by - The result of having used the compound 
bearing object of the example D of structure is shown by **. The measurement 
result using the compound bearing object of the example H of structure is shown by 
O. The ratio of the rate of increase of driving torque to the rate of increase of a 
rotational frequency (peripheral speed) has the smallest case of the example G of 



structure, and it is small in order of the example D of structure, and the example H 
of structure so that clearly from drawing 13 . 

[0060] If a magnetic shaft acceptor is adopted as a bearing object of the thrust 
direction in the structure of the compound bearing object of this invention from the 
above measurement result, it will become possible to suppress the rise of driving 
torque very small to the increment in rotational speed. That is, as for the load of the 
thrust direction which contributes to increase of the frictional resistance of a 
bearing object most greatly, being supported by the magnetic shaft acceptor is most 
desirable. 

[0061] Next, the bearing of the rotating polygon for laser beam printers can be 
mentioned as an example of the use of the compound bearing structure of this 
invention. Hereafter, the rotating polygon used for a laser beam printer is explained. 
[0062] Drawing 14 is drawing showing roughly one example of the rotating polygon 
used for a laser beam printer. As shown in drawing 14 , the pivot 21 is formed in 
frame 20a of a motor 20. The inner ring of spiral wound gasket 22 of the shape of a 
cylinder which consists of a sintered compact of an above-mentioned silicon nitride 
system is attached in the periphery of the pivot 21. Moreover, the plate-like thrust 
boards 23 and 24 which consist of a sintered compact (or permanent magnet) of the 
above-mentioned silicon nitride system are attached at the end face and tip of a 
pivot 21, respectively so that it may be located in the vertical both sides of this 
inner ring of spiral wound gasket 22. The outer ring of spiral wound gasket 25 as 
body of revolution which constitutes the support portion of a rotating polygon 30 is 
similarly formed in the shape of a ring with the sintered compact of the above- 
mentioned silicon nitride system. Thus, the compound bearing structure 
corresponding to each examples A, C, D, E, F, and G of structure consists of each 
part material 22, 23, 24, and 25. The reflective frame 27 made from aluminum is 
attached in the periphery of an outer ring of spiral wound gasket 25. Between two 
thrust boards 23 and 24 and outer rings of spiral wound gasket 25, predetermined 
path clearance is prepared between an inner ring of spiral wound gasket 22 and an 
outer ring of spiral wound gasket 25. Moreover, two or more mirror side 27a which 
constitutes a polyhedron (for example, octahedron) focusing on an inner ring of 
spiral wound gasket 22 is formed in the periphery of the reflective frame 27. Two or 
more coils 28 are arranged on the bottom wall side of frame 20a at the centering on 
pivot 21 circumference top. Two or more permanent magnets 29 are arranged by the 
medial surface of the reflective frame 27 so that these coils 28 may be countered. 
Rota of a drive motor 20 is constituted by the outer ring of spiral wound gasket 25 
and the reflective frame 27. 

[0063] The performance-evaluation result at the time of using the examples E, F, 
and G of structure for the rotating polygon shown in drawing 14 as a compound 
bearing object of this invention is shown in a table 2, a table 3, and a table 4 f 
respectively. 

[0064] It is the value which it has set to each table, and current shows the 



measured value of the current of a drive motor when a polygon mirror (polygon 
mirror) results in stationary rotation at the time of a stationary, and is equivalent to 
driving torque. 

[0065] In order to evaluate the deflection condition of the polygon mirror under 
rotation, the mirror side fell and the angle was measured. The field failure angle 
shown in each table is the value which measured the maximum deflection width of 
face for all mirror sides. 

[0066] In addition, in the example E of structure, as shown in drawing 5 , the outer 
diameter of an inner ring of spiral wound gasket 1 is phi20mm, and the length is 
30mm. The path clearance between an inner ring of spiral wound gasket 1 and an 
outer ring of spiral wound gasket 2 is 60 micrometers. 

[0067] Moreover, as the example F of structure is shown in drawing 6 (A), the outer 

diameter of an inner ring of spiral wound gasket 1 is phi20mm (outer diameter of the 

portion which consists of ceramic sintered compacts of a silicon nitride system), and 

the length is 30mm. The path clearance between an inner ring of spiral wound gasket 

1 and an outer ring of spiral wound gasket 2 is 40 micrometers. 

[0068] In the example G of structure, as shown in drawing 7 , the outer diameter of 

an inner ring of spiral wound gasket 1 is phi20mm, and the length is 30mm. The path 

clearance between an inner ring of spiral wound gasket 1 and an outer ring of spiral 

wound gasket 2 is 2.5 micrometers. 

[0069] 

[A table 2] 




[0070] 



[A table 3] 



a 



[0071] 
[A table 4] 




[0072] any of the examples E, F, and G of structure — although — the field failure 
angle of a mirror is stopped within the limits of 1 minute after 10000-hour operation 



by rotational frequency 1 0OOOOr.p.m. From the above result, even if the polygon 
mirror slewing gear using the compound bearing object of this invention performs 
high-speed rotation for a long time, it has the rotation precision which was very 
excellent 

[0073] Moreover, if a table 2 - a table 4 are referred to, even if it adopts which 
bearing structure of the examples E, F, and G of structure, the value of an almost 
comparable field failure angle is acquired. However, to adopt the example G of 
structure (table 4), it is necessary to set the path clearance between an inner ring 
of spiral wound gasket and an outer ring of spiral wound gasket as a minute value as 
mentioned above. On the other hand, when adopting the examples E and F (a table 2 
and table 3) of structure, the path clearance between an inner ring of spiral wound 
gasket and an outer ring of spiral wound gasket can be set as an above 
comparatively big value. 

[0074] Drawing 1 5 is drawing showing roughly another example of the polygon mirror 
slewing gear with which the compound bearing structure of this invention is used. 
The axis of rotation 52 is formed in the axis of a case 51. This axis of rotation 52 is 
supported free [ rotation ] with one compound bearing object 53 of the above- 
mentioned examples A, C, D, E, F, and G of structure. The compound bearing object 
53 consists of an inner ring of spiral wound gasket 60, thrust boards 61 and 62, and 
an outer ring of spiral wound gasket 63. Rota 54 is attached in the outer ring of 
spiral wound gasket 63 of the compound bearing object 53. The aperture 57 is 
formed in the case 51. The polygon mirror 56 is attached so that this aperture 57 
may be countered. The polygon mirror 56 is attached in the upper part of the axis of 
rotation 52. 

[0075] In addition, as an example of the compound bearing object of this invention, 
although the bearing object of a rotating polygon was shown, it is not limited to this. 
For example, the compound bearing object of this invention may suit the bearing 
used for machine tools, such as the turbine-shaft carrier for superchargers rotated 
at the high speed of 80000 - 1 50000r.p.m., the turbine rotated at the high speed of 
20000 - 30000r.p.m. f bearing for compressors, bearing for high-speed rotation used 
for the turbine pump for rocket engines, a CNC ultraprecise lathe, an ultraprecise 
lathe for cylinder processing, and an ultraprecise surface grinder. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the conceptual diagram showing roughly the example A of structure 
of the compound bearing object of this invention. 

[Drawing 2] They are the conceptual diagram (A) showing roughly the structure of 
the compound bearing object by the example of a comparison of this invention, and 
the enlarged view (B) expanding and showing the portion of the permanent magnet 
used for that structure. 

[Drawing 3] It is the conceptual diagram showing (B) with two types (A) of the 
example C of structure of the compound bearing object of this invention roughly. 
[Drawing 4] It is the conceptual diagram showing roughly the example D of structure 
of the compound bearing object of this invention. 

[Drawing 5] It is the conceptual diagram showing roughly the example E of structure 
of the compound bearing object of this invention. 

[Drawing 6] It is the conceptual diagram showing (B) with two types (A) of the 
example F of structure of the compound bearing object of this invention roughly. 
[Drawing 7] It is the conceptual diagram showing (B) with two types (A) of the 
example G of structure of the compound bearing object of this invention roughly. 
[Drawing 8] It is the conceptual diagram showing roughly the example H of structure 
of the compound bearing object of this invention. 

[Drawing 9] They are the graph (A) which shows the relation of the wear rate of a 

sintered compact and the value of P-V which constitute the impact-proof member 

of a radial direction in the compound bearing structure of this invention with the 

conventional example and the example of a comparison, and (B). 

[Drawing 10] It is the schematic diagram showing the configuration of the testing 

machine used in order to evaluate the bearing engine performance of the example G 

of structure of the compound bearing object of this invention. 

[Drawing 11] It is the schematic diagram showing the configuration of the testing 

machine used in order to evaluate the bearing engine performance of the example D 

of structure of the compound bearing object of this invention. 

[Drawing 1 2] It is the schematic diagram showing the configuration of the testing 

machine used in order to evaluate the bearing engine performance of the example H 

of structure of the compound bearing object as an example of a comparison of this 

invention. 

[Drawing 13] As one example of the engine performance of the compound bearing 
object of this invention, it is the graph which shows the relation between a rotational 
frequency and driving torque. 



[Drawing 14] It is the block diagram showing roughly one example of the slewing gear 
of a polygon mirror with which the compound bearing structure of this invention is 
used. 

[Drawing 1 5] It is the block diagram showing roughly another example of the slewing 
gear of a polygon mirror with which the compound bearing structure of this invention 
is used. 

[Drawing 16] It is the drawing of longitudinal section showing roughly the 
configuration of a plain-bearing object conventional Bush type. 
[Description of Notations] 

1 Inner Ring of Spiral Wound Gasket 

2 Outer Ring of Spiral Wound Gasket 

3 Lower Thrust Board 

4 Up Thrust Board 

5 Radial Dynamic Pressure Generating Slot 

6 Thrust Dynamic Pressure Generating Slot 
7-19 Permanent magnet 



[Translation done.] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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5. £©££, B«#K95?7^*ra©*KWft|f»* 1 3ttt[^£Mfc2©ffilCttU>^tt©*Afiffil 2 

sttfsj: 1 i:tt^<, n®m<D%fc j r'im%i&%#<Dffl 30 [0033] z<D&o\zbxmffcznz>®&®%mz% 

fill fcfl#2 £©^fci5«S£#ofcD|1£gM£§iJ|i JBE*fe»5fc»oTaft*»l'rtll fcrt*2 t©MfC*A 

*»«ft-r*ctiM:w. sn, ^©w©^'J77>x*t-sn«fcn5. j:nt 

[0 0 2 9] K±0«IC. «iWlCfc*iVvr«?$?7 «k«3, S^«lSI*:*t«l^$n5©T, yV7)V1jfa<D® 

)Wft<D®&mmmm-2n, 7 ?x h^sj©^a*^ mmmamftztiz. ztz. n& 2 ©*ab85 1 2 

»i/T , bw**j:t*»ir*ftii'&*«*ja3j«iiftsn ©t, ffi£©2U77>7;wi#2tTa5777M£i 

[0030] m&Mc<r>&i<D9'(zft>m3 (b) ic^s X7xh#a*t3tjf$n5. set. i^di t^.(S2ti 
n*. 03 (a) \z*i* nzm&tmtezm* rtisi 40 ss^sw^b^Ki^fi^^ew^nT^s©-^ 

©rt«ic*Ajra 1 i#«&*nT:fe!9, 9\&2a)9m ^m^^\z^xm^nm^-hi)mt>^x, mi 

mmm\z*.M&Es, io*w^tv^:ii?» *^fi2tssi!bT ! &, BP#$«^^±-r-5Jit« 

5. d©*^, *AGB58 (10) il lttt. fcK 

nrtlll t^®2>&«|fi!4-r-5-fe7 5ry^XjSiie#:S^L [0 0 3 4] £(±©±5^, «Kg0|EfcJ;ntf, KSHI 

ra©^u77>xtt, ^©EBEfiifssjt^-rsfcj&t «»s»anstfc>bc, if>siHHE*^itsaf»*t« 

[0 0 3 1] ffi&mD [0 0 3 5] fliiiWF 

04 tt. ^©%W©-^JH5iJtct5lfi^S«ljg^«tBS 06 (A) (B) tt. ^©%W©-^Jfi^t<t5ffi^H!i 
WC*-r«E*HT*S. H4KS1-«t5t. S&fflgft 50 S*©*jt*«WS»^-r«*0T»4. 06 (A) 
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3, 4tmz.z. smti-^ikt-ima-tys. 

yZZ%&#fr*>H\Z®tfL2nT^5o mmWC (03 
(A) ) Z7*bl5ft<D®%#<D®&1? 
fl-®2 £TSX7Xh«3<h^flT£EfCfcMc 
1 5 «>: 1 6 *W 6*1X^-5. 1 5 tt. 

«$S 1 ©*A«5 1 4 fCfc^lSj-r^ A 5 KfSHt £tlT^ 
5o :©J;5l:l/t. X7Xh#fl©#»fc«Bjl«ft£# 

[0 0 3 6] 06 (B) tt^ji^FCSiJ©^^ 

-r. m&mc (S3 (b) ) is^s^ii. 

h« 3 ©*^5B5 1 7 tt, fl-fl 2 ©**J&5 1 0 (C#|pJ 

[0 0 3 7] fltiifllG 
0 7 (A) (B) tt. ^O^KO-^JS^JCJc^S^fll! 

g#©«jt£«B&wic^m£0'r&*. 07 (a) tc 

h«l 3 £±S*X7XH«4 rtHl^H 
2 i±g&X7X MS 4 ittSfcir-r ^©-fe^S y 

mum^mzmmnz. mim^mmmm 
z&mtzzLt&nzz&sizmmtttttz. x5 

X h« 1 3 , 4 ttf*|fi 1 OM®Mt«M-r-5«fc 5 K^tt 
Stl£. Ta5X7Xh«l 3te*M*5^Sfc5. T$ 
X7^hSl3 tSUfatZfl-m 2 ©ffiKte^JBS 1 2 
tfmttbtlT^Z. totfiltft&2t<Dffl<D2V7y> 

T, X?Xh£|n]©??S#> jfcfcJfrHl 2£T8BX77. 
h« (*^ffiffi) 1 3£fcioT8£-fSEf8?jCcl:o 

[0 0 3 8] :ni:MLt. 07 (B) iz^t^vlz. 

£Mi 2 ©Sfc*Mm 1 8 ^MAfc^^ffllSfrlC*^ 
Tte, F*3«& 1 £fl.|S2£©rfl©?'J7 7>X£. 0 7 
(A) <Dm®g#£K)b*Zt3:m\ZWl%.LTb> 

\3iizwzmzffi%.o®mttBizmfttz>z.tWT!Z 

-5. Z.tl\tH.&2<D±TZm§$M§.\Z&-DTm?ZZ, 
tfCckD. &>!0lB*©ftt&2©®n£ffliii!!T££fc«> 

[0039] m&mH 

USWt^m-i:0-p*S. 08lc^Tcfc5t, 



(7) !f#H¥5-l 0 6 6 3 5 

• mzmi'tmztzyxbm, 4t*mx%. & 

1 ~ 4 ttgfc^r-f 3{^©-fe 7 5 2/ * 5 fi 

Z. 1 ttff5£©*!l©^M&fiiB-r-5 Z. ti)*V%% 

z^zmmfttm-?*. *7XMg3, 4ttrtm© 
mmm\z&M-rz£5\zm\-te>nz. m2\tmit 

757 HR3, 4lC#bTffi£©*'J77>X£#0«fc 

Sfc^t^ns. £©,k5i;:UT«j£3nfc«£«ig# 
t<kntf. iSji0«Et©7^7;niiiEagiirtisi 

IS2 t©W©^U77>X^/J^©fc^T-5J:tt 

iff zirmmnz. ^it^t62$*^-rsif 

^fi©^by-f^©-fc75 2;^X^i!g^a:oT> % 

ji0g*©&fgWft«S7j#£8sn;5. 
&m*\z#^Tizmzz.tmmvibz>, 

[0 0 4 0] £(±©«}jt^A~HtOV>T*a:»5t. 
X7Xh^|6]©#«©3tJ$«|ji[rHLT(l, ftj§fis|A~ 

D(D^t%m^mzit-<x, m&mE~G<Dm§sM&#e> 

«K©Bfl^S^S%4S-B-S^<!:^$5. 

[o o 4 l] 7^7;^iR)©ii!g«g*(6]±s-a-5fcje) 

B, C, F) ©J&tW&T&S. ^7'>3.^-r^©^0!ftl 
SfMrSUBLTfe, rt&<!:i1.«$©*U7:7>X (¥*y 

yi mfrts.M\zm%.?zz\t\z&r )> ®fc%mzfa± 

30 ^-frS^tttBllBT*?) (ffi&mD, G, H) „ 

[0 0 4 2] yi?7)lJ3$l<Dtim&mzmisTte, 7=S 

7)m&& \z-ty s. v ^ xm%#m»te»mmmB& 

ft<^i:tt^V5. #friS3SS©S'ffc'7-'f^-fe55y^ 

[o o 4 3] zamn-m&mnmti&m 
40 -f^^©^#©Sii^^o^TSiwr-5. 

[0 0 4 4] ¥^g*i0. 3 Mm, «[g^*t3a = 
0. 20/im, afeSfl:$*t96. g3gS*U. 
42S*-C2&£Si 9 N< ©JS<Bf©*!£ip(gLfc. d© 
S is N 4 ©M*5M»5fs€:9 2fifi%> ¥^feg*<0. 8 
(imCYi Oa $*£4M%, ¥i%SS*i0. 5 Mm 
©AI2 Oa «&5fc£3fiS9f^ ¥^SS*U . 0«m© 

a 1 n$*£ 1 as^offl^T, x^y-;p^i? 1 0 0 
T%t>fttcM&®tt5 0 0 Okg/cm 1 ©E*T?C 

5<? 1 p (^m#7KH) inmate. #e.n^^si^H 
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©g&tfXgHaTT&g 1 6 o*ot:n^T4^m« 

ftbft. fflgl 7 5 0"CK:feV>T6l§W, MM 

«»ftlfrj:ilCj:Dtt»*€t»fc. *©&, £©&& 
mzmm 1 7 O OICICfc^T l O O Offfi©2$#*3? 

Hain?2isiH©Hip (&ra#*BE) ©a^siLfc. 

[0 0 4 5] C©±5KUTll&ft&Sflrtr'f **©» 
ifg&fcfcHT. ¥%mi1&m*5 nm&Tf-C&Q^ ^© 
«§llfi©7X^ HJttt4EU:. i*©g«l&gttl 5 
jimRTT&ofe. JIOR&ftttJ I S3jftft»faUE8 
0 kg/mm 1 £U, RR«ttR5MPa • m l ' 1 U 

[0046] 09 (a) tt, *>^/ncjp*6n»«r« 
ti§eis©s (p • v) tm»bQmtk**mr? 

09K:fc^T#ftg|a~ett&T©*>7 , ;i<' 
[0 0 4 7] a :*ftH0| 

±e©§j jg* s fc i o x% & ttftmcri momm 

T, ft 2 3 0 /traft&9©mtt?©IMFR#4 Ofl. 
»**©#«**» 8 fW*X. 0 5%. HtfL 

©g*&#*8 wmTfe-Sfc©. 
[0 0 4 8] b:tt«09 

±E©«ifcfrRfc±oTft&ftfcSte^R*©ftl6fl: 
1?, ft3 3 0 umfcfcD©te®&^©H$£)&*3 ofl. 

w«ofta$^i6ft«i a?lw3. 2%, ma 

©ft*g*<2 f jiinTJ&St)©. 

[0 0 4 9] c, d, e 
M£tt&tt. 1 9 8 5*»93*«7 3H~JB80H 

(tffcF i g. 3) fcwSft&Rfcfr-f »*©*»#© 

[0 0 5 0] £fc, 7AX5-SQtM£St»tt, 2fl©'J 
>tfftV>7)V (<t> 1 6mmX(ji3 OmmX 8mm) * 
EV>©nRfffl«£iftttlTfr>«R&?ttR&©!ltE 

Mkhcu /^©ffififcunx., *©BfiM*J9r£©B 
CftTK»S*4ttCJ:D, *?J 1 0 0 0 0 0 ®e©Ji 
»R»£fffc-3&R. 2fl©ttfl©Sfi©»4>&£V>fc 

susrr* etc* off fttonfc. 

[0 0 5 1] 0 9© (A) *6W6*aJ:3fc, C©» 
Mlca5&*lt#ttWWlttJ!:«a6TflnT^*. 09 
fcfcttSP -V (kg-m/s) ©R£flftR©R&R 

Ra&DKRjrrst. 09© (b> n^sn*«fc5fc 

[0 0 5 2] tt±©J:5fcbTff«*nfcillS«*». tz 

(#>J^>$7-) ©*£3tt, <f>3 0~15 0mmg 
R©H*PJRrtfcA**H# <6~2 0ffi#) T»»l 
0mmilt*5. -£•©<£ 5 ft#'J:*>3 7-©Sgtt 
»2 0~5 0 0 g©«HlTe*S. W;*bt. ±13© 



(8) 4*M¥5-1 0 6 6 3 5 

14 

U ^'J^>55-©0lgS:£2OOO~lOOOOO 
r. p. m. f?Zt> ^(Ommtl 0 0~5 2 0 0 c 
m/st&5. £©££, $&§Bi&£3. 14 cm' t 
"T*i. P • V (kg/cm - s) ©<fittl~8 2 8k 
g/cm • s £fc*. il©tSB|*g©P • VOflK^U 
T, 09© (B) £#H8LT#5. *f8SII©*feR#ttl 
~6 0 0 k g/cm ■ s©j£$5H©P • VOfflKStLT 
RV>Rfg*&*U ±R©#U:f>3?-©**HRfc 

[0 0 5 3] -ffcfcS, ±E©0!lTtt, BREWs* . * 

«^fc*V»Tt>, *%i»©jK<S#ajei6H©P • V©ffl 
fc#UTfttt*|g*ft*T©T, fctAitSRHtfEtlCiS 

v»TRR»&«R*iWiqfeD. RRI§ngC#3fln*s9l 
#jg;i$ftTfe. *|glfi©«t»ft:tt-€-©Sat-H^|»^ 

[0054] *t, ±®<Dm&m, D, H©68-&|I 

O HTi9f5£©IiR«£J8 lr>Ttt£ttfltefffl Ufc. 
a? [0 0 5 5] 01 Ott, «RflG©fc»fcRV>Sftfctt 
§ttie^iiK^*8©fllfig5*-r«lllS0-e»-5. 1 0 mm 

©rts&^rr *«t 5 fc±e©£fltf--r rr©rr#* e. 

fc£l*lil5 0£f£KT5. £©ft$&5 Oti0K*2 0 0 

ttfefc@e-rs«t 5 £Ri* ens. *i#ioott. ± 
e©aft^**©j!(tts#w>6ft»), rttfe5ot^LT 

flr£© £MJ 7 5 >X Tgtt 5 «fc 5 KRtt & ft*. 
RG#2 0 0©±Rlctt, 715^ h»5©E8 

**WfflUT«i**na*a*5i#5 o o*»R*sft 

30 [0 0 5 63 01 1ft, RRflD©&&lCffiV>Sftfctt 

RttffiRffttR&©RR«*t-M»9-?*s. 1 omm 

©rtff « ck o fc±B©»W-f 

Sfctt 1 0 0 0 S^UfS. £©rtfit 1 0 0 0 tt0<te#: 

2 o o ttb\z®mT%£5\zmit>n%. mno 

Ott, Attl 0 0 OC»l/T0f«©^U77>XS«O 
J:5tR*t6n«. ^Mftl 1 0 Ott±E©Rft*-'f»* 
©ftR#*6^Ran«. ^VRl 1 0 0 ©TfcttRfc*- 
'f»*©'fe95y^7»ll#:*»6ft*X9^h«9 0 0 

40 H 1 0 0 0 ©0fcttiia#$!R©ilflE%4S} 1 2 0 0 

[0 0 5 73 01 2tt, SfififlH©fc©fcfflV»&nfc«l 
3ttRW5ttR«©RR£^-r««0Tfc*. 1 Omm 
©rtSS^TT S <fc 5 1 ±E©Rft^r-f «*©* 5 3 <y 

0 0 «0fc# 2 0 0ttt> CStef S J: 3 KRtt & ft 
*. ^*S8 0 Ott, ±E©Rft^ RRORtt^&ft 
0, ft* 7 0 0C#UT»fR©jMJ7?>X*R"3J:9 
iciB;tte.ft^. *Mft8 0 0©TCtt, Rflsir-f«*©^ 
50 53y^X«|ilS^6»*X7^h«6 0 0*tRJt6ft 
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5o X?7> MR6.0 0 £l*l$&7 0 0 t®WCttBfJgO^ 

[0058] &,±<d£? \z®!&t<nz>&m&&mmtu 

&8£fflHT. 0 0fC«fct>TlflKE#2 0 0©[I] 

mmmmm-vMM2ittt& *o®fe®n&v 1 o 

[0 0 5 9] 013tt, «£ttl§#©J&ig09G, D, H 
C«koT38Sn5[Hli£#00«£& [r. p. m. ] 

C£tz.\mm<Dfimm\zmzmm [m/ s e c] ) t 

m®h)V>? [g • cm] £CDH4fi&±E®ff£KXlc£ 

&#&j:5ic. SCR (ma) ©itjn^KM-rsBah 

;^©JMD*©tttt, *»WG0>*fc*t-#/hS<. M 
JS«D, ffiSI(|H©jWc*3fr>. 
[0 0 6 0] E(±©ttiQltX#6. *»B©*#I«# 
©ffiitlCfcHT, X7*h;&fi©«i3#£LTiB&tt3 

5, »s#©JMj^©**fc«t>*S<wr**7 

[0 0 6 1] £©3gBj!©«£«lg«jg©ffl&©- 

[0062] iai4tt, p-ir^y^fcfli^snsH 

a*1"J;5£. «-jr2 0©7l'-A2 0aKl2$tt2 1 

<fe3t, £tt2 l©S«i$fcJ8K«±E©3fltf-<fJSS* 
©&&& (*fctt*AJffi) j9»&&*¥«R©X5X1- 
£2 3, 2 4#*n*ft]Rtttt5IVtt»*. @fc#ffi$[ 
3 0©*X»»ft«jafr«liI«s»tbT©IMl2 5tt, 
W«fc±B©*fty-f *«©*ttt*fcJ:oTU >Vmz 



(9) #B8¥5-1 0 6 6 3 5 

»J*Sn-ft>*. CT©J;5ICUT, &a5#2 2. 2 3, 
2 4, 2 5*>S, &fl|ji09A, C, D, E, F, G\ZM 

2 2ifl#2 5£©K, 2t>©X7^Mg2 3, 2 4 £ 
*Mft2 5&©|Qett. 0f£©*»J77>xtf*Kttsn 
5. KM#2 7©*Mfctt. rt*2 2*«M>&U 
T£®# (fctittfAB*) &«^-r-5ffiS©5 
2 7 a.ifl&fitZiVZ^&. 7V-A2Oa0ltlffifflJ: 

?z&v\z. Ram 2 7 <Dpmm\zmsm<o^mE 2 

9 3WEMSnTV>*. *M*2 5fcEWf»2 7ifcJ:B, 

we-* 2 0 ©n-**t^$nrv^. 

[00 6 3] 014 !CK3nfcBe£lBftt£*ft9i©g 
£«l£#<hLT> tHME. F, G£fflV>ifci§£©&1IB 

vmxa, *-n-en^2, «3, ^t^sns. 
[0064] #*Efc*v»TT, zmmmtzmm (# 

[0 0 6 5] IHE«f©#U^>5 9-©*n***ff« 

sn$iB«najs«. ?-*t©5 5HBs»jwclt* 

©**«ftH«8£l/fc«T»S. 

[0 0 6 6] ft*. *HH*EK*V»Ttt. H5fc**n 
%>&0\Z, rt*Sl ©ft&tt<J> 2 OmmT&?h -£©££ 
B3 0mmT*5. ftlft 1 £#82 i©IW©iMJ7?> 

[0 0 6 7] *&, JPHMIFlC^Ttt, 06 (A) [I 
50 jR $ tl-5 «fc 5 fc. 1*9(6 1 ©ft &tt * 2 0 mm (*ftHr-f 
**©*?5 y ^X«Mi**6«J«Sn*«»©ftfi) 
TfcD. *©ftS»3 0mmT**. fill 1 tftfft 2 £ 
©fW©? U 75>X«4 0 /imT*5. 

[0 0 6 8] fltitflGCfefeTtt, H7lC*Sn*J:5 
fc, |>3f&l©ftgra<*>2 0mmTa&»3, *•©&£« 3 0 
mmTifc*. fttftl £ftf&2 t©W©*U77>Xtt 
2. 5/imT&5. 

[00 6 9] 

[*2] 

40 



(10) #51^5-1 0 6 6 3 5 



17 18 



lHlw*x v.r. p. m. ; 


> 


• • 

mmmm 


to m 




5, 00 0 


0. 6 1 


5. 2 


\ 5. 2 


10. 00 0 


1. 03 


5. 5 


5. 5 


2 0, 0 0 0 


2. 1 0 


5. 8 


5. 8 


3 0, 0 0 0 


3. 0 5 


6. 0 


6. 0 


5 0, 0 0 0 


4. 85 


1 0. 5 


1 0. 9 


7 0, 0 0 0 


6. 6 7 


1 4. 7 


1 5. 5 


1 0 0, 0 0 0 


9. 3 0 


20. 1 


21. 6 


20 mz] 


(r. p. m. ) 


ZmWk (A) 


mmmm <m 


to m 


io,ommm 


5, 000 


0. 4 2 


3. 1 


3. 1 


10. 00 0 


0. 7 1 


3. 8 


3. 8 


2 0, 0 0 0 


1. 4 0 


4. 7 


4. 7 


3 0, 0 0 0 


2. 0 5 


6. 1 


6. 1 


5 0, 0 0 0 


3. 2 8 


1 0. 3 


1 0. 8 


7 0, 0 0 0 


4. 48 


I 4. 1 


1 4. 6 


1 0 0, 0 0 0 


6. 2 5 


1 8. 5 


1 9. 2 



10 0 7 1] 40 [g4] 



(11) 



5-106635 



19 



20 



laws* vr. p. m. ) 


K.mW mot \A) 








5, 00 0 


0. 4 1 


2. 9 


3. 1 


10, 000 


0. 6 9 


3. 5 


3. 8 


2 0, 0 0 0 


1. 38 


4. 9 


5. 4 


3 0, 0 0 0 


2. 0 2 


6. 2 


6. 8 


5 0, 0 0 0 


3. 2 6 


9. 8 


1 1. 7 


7 0, 0 0 0 


4. 46 


I 1. 4 


1 3. 8 


1 0 0, 0 0 0 


6. 2 0 


1 5. 3 


1 9. 3 



[0072] mmm. f. Govern****. ehe»i 

0 0 0 0 0 r. p. mTl 0 0 0 Oi$raS&&K:*V>T 

a±©is**»&. #i69j©ffistBi£#£m>£#y 

[0 0 7 3] «2~«4*#llWSfc. MSfl 

e. f, G©v»rno*ia«jBftafflUTt>. mmm 
tomtom®? V77>7,*m<fs.mzw&-rz>im 

cnt*fUT. ISii^EtF (£2£3r3) & 

[0 0 7 4] 01 5tt, C©&n©ffetHHI&]WilV> 
&n5^U^>5 7-HieSfi©t)5 lO©«*IWiW 
(C^-TET*5. fr-X5 l©*fcSfcttHCtt5 2jWtt 

£©E«gffi5 2«, ±^©1ij§^A, 
C, D, E, F, G©V>1*n^©ffi^fKl§#:5 3fc<fc:3 
TBCB«Efc£83nTV»5. «£$t&g#5 3tt. AH 
6 0&X9XMK6 1, 6 2fc*H*6 3fcj&>5*ME;£n 
TV»*. *SI«#5 3©*Mft6 3K:n-*5 4jW«t 

5. £©85 7fc#W*J:3lC#W*5 6jW«ttt& 
*Pftt5 6ttHCtt5 2©±WOWt»t&tt 

W5, 

[0 0 7 5] ft*. *58M©fi-&ttSfr©*ffi«f9tL 
T. [IIfc#ffi«©«l3#£*Lfc#, IinKISfcSn* 
80000~150000r. 

p. m. ®&m&vwm-zffl&m*-\z>w&.. 2 

0 0 0 0~3 0 0 0 0 r. p. m. ©iHSSTlHFfE-r-2) 



®&38, n«jniiffliB«n6Jifi, jBftflmiKfflise© 

[■ffoMV&IMi] 

[01] - ©X9^6tM©ltitMA*MmiSK 

[02] ^©»w©jte«[fc«fcs«^«is*©«jfi&* 

BttKwfftftH (A) t, *©«jfilcffl^6n«*A, 
50 &5©$#£&*LT*-rifc*;0 (B) 

[03] £©§8W©8£ttS#©«ifi09C©2'3©*'f 

y (a) t (b) ««nmc«m«GaT»«. 

[04] ^©!8^©S^«i«#©«jg«ilD&«B«KiC* 
[05] H©f8M©«^fftSff©«ii«|ES«BIS»C* 

7 (a) t (b> zmmzTx-tm&mn&z. 

[07] ^©!6^©S^ll!l§^©«jt«f9G©2 0©^-r 
40 7 (A) t (B) &«tt8fcv?tE&HT&S. 

[08] z<D%w<D&£w%#<Dm&mH%mmz™ 

[09] C©»lB©*^«SI«iaiC*V»T9^7**rtI 

©w«*a«s«i«i-sfiae«:©#*6*tp • v©*t 
©n«(«ftm Jtewtt%c*i-^77 (a) t 

(B) 

[010] ::©5BW©«^«iSft:©«ligi«G©«iStt|g 
50 [01 1] C©»i»©|R^ttSf|c©«jfiMD©«IStttB 



(12) 



5-106635 



21 
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